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Sandwich panel structures constructed with cellular honeycomb cores allow for 
control of acoustic performance due to their ability to optimize effective orthotropic 
material properties with changes in cell geometry. By modification of topology and 
geometric parameters of a unit cell, desirable effective properties can be obtained and 
used to design lightweight structures with reduced vibration and increased sound 
transmission loss properties. Thus investigating the relation between the geometric 
configuration of the honeycomb core and vibration and acoustic behavior is important 
to optimize design of sandwich panels. 
In this work, a finite element model is developed in MATLAB to evaluate the 
resonance frequencies, vibration frequency response and structural behavior of 
general honeycomb sandwich panels undergoing in-plane loading.  Bernoulli-Euler 
beam element stiffness and mass matrices are computed with coordinate 
transformations to assemble for two-dimensional frame dynamic analysis. The 
developed MATLAB finite element program is written to allow the user to specify 
any unit cell geometry together with the number of repeated cells along the 
longitudinal and transverse direction of a honeycomb sandwich panel. This 
automation allows for rapid studies of the effects of the cell geometry and number of 
cells for optimization and parametric studies.  In addition, the user can specify the 
size of elements for cell length subdivision to ensure mesh convergence analysis.  
The developed MATLAB code was verified by comparing dynamic results to finite 
element models created using the commercial software ABAQUS using both cubic 
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Bernoulli-Euler and quadratic Timoshenko beam elements.  Natural vibration 
frequencies of the structure and vibration amplitude frequency response for 
honeycomb structures are computed between 1~1000 Hz, corresponding to low to 
medium frequency ranges.   In addition, the ABAQUS finite element model is used 
to simulate the acoustic behavior of the sandwich panel mounted in a rigid baffle 
resulting from an incident plane pressure wave.  This required the coupling of an 
acoustic finite element model tied to the sandwich panel model to model sound 
radiation from the vibrating panel.  To model the infinite acoustic region on one side 
of the sandwich panel, the acoustic finite element mesh is truncated using a founded 
ellipse non-reflecting boundary condition (NRBC).  Previous studies used a circular 
nonreflecting boundary condition.  The use of an ellipse for the NRBC allows for a 
reduced size computational region surrounding the elongated sandwich panel 
structure. The accuracy of the NRBC’s was also studied as a function of distance from 
the vibrating panel source.   
Various core configurations of different geometric and effective material 
properties for regular and auxetic honeycomb cell geometries with two different 
orthogonal orientations were studied. Constant mass property is applied for sandwich 
panels with different number of longitudinal and transverse cell numbers to identify 
the effects of core geometry, cell truncation at face sheets, and effective properties on 
structural and acoustic behavior. Flexural and local dilatational vibration modes for 
the various configurations were identified. The influence of natural frequencies on the 
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CHAPTER 1:  INTRODUCTION 
1.1 Honeycomb Sandwich Panels 
Honeycomb sandwich panels has been widely used in aerospace industry, motor 
vehicle technology and light-weight construction for decades. Sandwich panels with 
honeycomb cores offer both stiffness and light-weight compare to other panels [1]. 
Besides the traditional hexagonal honeycomb structure, auxetic, square, rectangular, 
chiral honeycomb and other cellular structure are also applied as the core of the 
sandwich panels [2]. In addition, various materials as aluminum, titanium and 
polymers can be used to manufacture the honeycomb sandwich panels to satisfy the 
desire properties as stiffness, thermal conductivity etc.  
The design of sandwich panels can be divided into four analysis levels as shown 
in Figure 1.1  
 
Figure 1.1: Analysis levels of sandwich panels 




Figure 1.1 Analysis levels of sandwich panels 
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obtained through the modification of the cellular geometry of the honeycomb core in 
Meso level and material chosen in the Micro level. Table 1.1 gives the definition and 
example of the analysis level for sandwich panels studied in this work [3], [3].  
Table 1.1: Definition of analysis scale levels 
Level Definition Example 
Macro 
Effective properties of sandwich 
panels determined by core and  
face sheets 
Effective in-plane bend and 
shear stiffness 
Meta 
Effective properties of honeycomb 
core controlled by lesser order 
parameter 
Effective bend and shear 
moduli, effective density, 
effective Poisson’s ration  
Meso 
Intermediate level parameters that 
define to control honeycomb 
unit cell geometry 
Cell wall height, length ,wall 
thickness, internal angle 
Micro 
Constitutive properties assigned 
to the honeycomb 
Density, moduli, Poisson’s 
ration of host material 
 
Most honeycomb sandwich panels used for applications are out-of-plane ones, 
since honeycombs are stiffer in the out-of-plane direction. However in this work, the 
in-plane sandwich panels are mainly studied to evaluate the structural response and 















Figure 1.2: Honeycomb core of sandwich panel 
 

























1.2 Sound Transmission Characteristics 
Sound insulation is a property reducing the sound pressure level with respect to a 
specified sound source and receptor. Through the sound insulation, airborne sound 
can be kept out of a protected space [5]. Sound transmission loss (also known as 
sound reduction index) is used to describe the performance of sound insulation. Sound 
insulation depends on the frequency range and the material and geometry of the 
structure. The dependence of sound transmission through a panel as a function of 





The sound transmission loss characteristics for the different frequency ranges can 



































































Figure 1.3: Principal dependence of sound transmission loss of a panel 
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be explained by examining the analytical expression derived for a vibrating elastic 
finite panel mounted in an infinite rigid baffle and radiating sound in air. The sound 
transmission loss for the sandwich panels of zero incident angle pressure waves can 
be expressed as [6] 
2 2
2 22
10 1 1mn mn
f ff f
STL
c f c f
 
 
         
           
             
 (1.1) 
where  is mass per unit area, f is the frequency of sound, mnf  is the resonance 
frequency and c is the velocity of sound,    refers to the damping loss factor. As 
illustrate in the Figure, very low frequencies the sound insulation is controlled by the 
stiffness of the panel. STL can be approximate as  
2
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     
     
       
 (1.2) 
It can be seen in the equation 1.2, by changing the first natural frequency which is 
determined by the stiffness of the panel. The stiffness controlled frequency range can 
be modified to desired value.  
At higher frequencies in a mid-frequency range, the sound transmission is 
influenced by the natural resonances of the panel. The host material of panel in micro 
level, geometry of cellular core in meso level and boundary condition will contribute 
to the value of natural frequencies.   
For the mass controlled range, the sound transmission loss can be approxiated as 
[6]: 
( ) 20log 20log 42STL mass f        (1.3) 
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In this range, the sound transmission loss at certain frequency is mainly 
determined by the mass of the panel. Thus it is not appropriate to use honeycomb 
sandwich panel for sound insulation in this frequency range, since it has a very low 
effective density. 
At an even higher frequency coincidence between bending waves and incident 
waves can be observed [5]. The sound transmission loss at this range is lower than the 
expected value determined by the mass law.    
1.3 Previous Work of Acoustic Behavior In Honeycomb Sandwich Panels 
Structural and acoustic properties of sandwich panels have been studied for 
decades. Many researchers have established analytical model for the sound 
transmission analysis of sandwich panels. Kurtz and Watters [7] were the pioneers to 
study the sound transmission loss in laminated plates and pointed out that sandwich 
panels may possess a better stiffness property than the single layer panel. However, 
the sandwich panels they used for analysis were assumed incompressible which is not 
capable of simulate the dilatational vibration. 
Ford [8] developed a three layer model of sandwich panels with a compressible 
core. An expression for kinetic energy was proposed to indicate the effects of sound 
transmission. The author also compared the wave numbers to predict the coincidence 
frequencies for both symmetric and anti-symmetric motions of the sandwich panels. 
Based on ford’s studies, Smolenski and Krokosky [9]modified the energy expression 
and discussed the influence of core effective properties on the resonance frequencies 
of dilatational vibration. They also used the natural frequencies to explain the dips on 
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sound transmission cures.  
Besides the isotropic cores, sound transmission loss in the sandwich panels with 
orthotropic cores was studied by Moore and Lyon[10]. The effects of stiffness, 
thickness and material properties on sound transmission performance of asymmetric 
sandwich panels was also investigated by Dym and Lang [11], [12], [13].  
The acoustic performance of sandwich panel with cellular core has been studied 
recently. Sound transmission of truss-like periodic sandwich panels were first 
investigated by Michael EI-Raheb and Paul Wagner [14], [15]. In their work, the 
vibration of the sandwich panels is measured and to predict the sound transmission 
loss. Acoustic optimizations of sandwich panels were also studied by several 
researchers [16]. Through the topological design of periodic multifunctional core and 
honeycomb core, minimum sound radiation could be achieved [2].  
Ruzzene [25] introduced a finite element method to measure the sound 
transmission loss and structural performance of the sandwich panels with square truss 
and honeycomb cores. Spectral elements were used to ensure the accuracy of the 
results at high frequency range.  
1.4 Thesis Objectives 
    In this thesis, the objective is to study the effects of honeycomb cell geometry 
and number of cells, and orientation of cells on the vibration amplitude and sound 
transmission loss.  The frequency range studied is in the stiffness and resonance 
regions, and not in the mass controlled high-frequency region.  As a result, 
traditional Bernoulli- Euler beam finite elements are sufficient to simulate the 
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dynamic vibratory behavior of sandwich panels. A MATLAB program is written to 
compute the mass and stiffness matrices, assemble for two-dimensional dynamic 
frame analysis, and automate the generation of repetitive honeycomb cells in both 
longitudinal and transverse directions. In addition, the user of the MATLAB program  
can define the element size to ensure an accurate finite element mesh for honeycomb 
sandwich structures with any cell geometry. ABAQUS commercial finite element 
software is used to verify the MATLAB program for natural frequencies and vibration 
amplitude frequency response of the sandwich panel and also to model and correlate 
sound transmission loss for a coupled structural acoustic analysis.  
1.5 Thesis Outline 
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Chapter 1 gives a brief view of the characteristics and advantages of honeycomb 
sandwich panels in applications. Previous researches about sound insulation in 
sandwich panels are reviewed and summarized. The relations between honeycomb 
core effective properties and acoustic performance are demonstrated. 
Chapter 2 introduces the Bernoulli-Euler beam theory used for finite elements 
modeling. Stiffness and mass matrices are derived by the kinetic and strain energy 
expressing as well as the load vector.  
Chapter 3 discusses the effective properties for honeycomb cell and whole 
sandwich panel. The method of controlling the structure size of unit cell through the 
change of geometric parameters is also discussed. 
 Chapter 4 and 5 discuss the specific steps of implementing finite element models 
of sandwich panels in ABAQUS and MATLAB. The concepts of generating the 
geometry of honeycomb core in MATLAB is introduced, thus it is capable of 
simulating the sandwich panels with various geometric parameters. 
 Chapter 6 discusses and compares the natural frequency results of the sandwich 
panels with two different orientations and various core geometries. Models with 
internal angle from 45  to 45  in different orientation are studied with constant 
mass. Another study for the models of same structure with different thickness is also 
made.    
 Chapter 7 presents and discusses the results of vibration and acoustic 
performance of different models introduced in chapter 6. Sound radiation results are 
also compare to the sound transmission and structural response results. 
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Chapter 8 summarizes the study and conclusions of the results are made. 
Suggestions for future work about the research using the developed Matlab program 
















CHAPTER 2:  BERNOULLI-EULER BEAM ELEMENT THEORY 
Bernoulli-Euler beam Element is 2D homogeneous beam element, neglecting 
shear deformation and rotator moment of inertia [28].   









Each node in the Bernoulli-beam element has three nodal degrees of freedom, 
while each element contains two nodes.  ( )e is the vector of degree of freedom (DOF) 
of single element. 
 ( ) 1 1 1 2 2 2{ }
Te u v u v    (2.1) 
The approximation for extension of neutral axis        is given by 
1 1 4 2( , ) ( ) ( )x xu x t x u x u     (2.2) 
1x  and 2x are the shape function and can be derived as 




         (2.3) 
Figure 2.1: Degree of freedom 
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 (2.4) 
The approximation for bending of the neutral axis,
  
2 1 3 1 5 2 6 2( , ) ( ) ( ) ( ) ( )y y y yw x t x v x x v x           
(2.5) 
Shape function can be derived as  
2 3





   
      
   
     (2.6) 
2 3
2 3( ) ( ) 2y
x x x
N x x L
L L L
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    
 (2.7) 
2 3





   
     
   
       (2.8) 
2 3
4 6( ) ( )y
x x
N x x L
L L

    
       
    
     (2.9) 
2.2 Beam Strain Energy and Elastic Stiffness Matrices 
The elastic potential energy of beam is the strain energy which can be evaluated 
separately for extension and bending effects. 
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For homogeneous isotropic beams, substituting the shape functions into equation 
2.12 and take the second derivative, then element stiffness matrices K  can be 
approximated as  
3 2 3 2
2
3 2
0 0 0 0










EI EI EI EI


























     (2.13) 
2.3 Beam Kinetic Energy and Mass Matrices 
The kinetic energy and mass of beam can be determined separately for 
extensional velocities and transverse velocities. 
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     (2.15) 
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Substituting the shape functions into equation 2.15 and take the second derivative, 
then element stiffness matrices M  
 can be approximated as  
2 2
2
140 0 0 70 0 0
156 22 0 54 13
4 0 13 3




















   (2.16) 
2.4 Load Vector 
The work of the external force is the combination of the distributed longitudinal 












W u x q dx
x u q dx
               (2.17) 











j j j j w
j
W w x q dx
N x v N x q dx
    (2.18) 





( ) ( )






F w x f dx
f x dx
              (2.19) 
So the load vector is 
2 2
0 0
2 12 2 12
T
w w w w
f L f L f L f L
F      (2.20) 
2.5 Coordinate Transformation for Frames 
Geometric relation between  (degree of freedom in local coordinate) and 
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 (degree of freedom in global coordinate) is   [ ]R  . 
cos sinu u v    (2.21) 
sin cosv u v     (2.22) 






































      (2.26) 
The stiffness matrices in global coordinates is      
T
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The stiffness matrices in global coordinates is      
T












140 16 22 70 16 13
15 54
140 22 16 70 13
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    (2.28)
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CHAPTER 3:  EFFECTIVE MATERIAL PROPERTIES AND 
GEOMETRY OF HONEYCOMB SANDWICH PLATES 
3.1 Geometric and Material Parameters of Honeycomb Sandwich Panels 
Modeling 
The sandwich plate studied in this work consisted with three parts, two face 
sheets and honeycomb core. Two different kind of orientation in Figure 3.1 are used 
for analysis. In orientation I the honeycomb unit cell is set in longitudinal direction 
while it is set in transverse direction for another orientation.   
 
 (a) Regular honeycomb cell 
 
(b) Auxetic honeycomb cell 
 
 
Figure 3.1: Sandwich panels of orientation I (longitudinal) 
 
(c) Regular honeycomb cell 
 
(d) Auxetic honeycomb cell 
 
 










          





















The overall Length of the plate is L=2m and with the depth H=86.6mm. Both the 
face sheets and the honeycomb core units are made of aluminum. The young’s 
modulus for the material E=7.1e10, mass density is 32700kg m  . The top and 
bottom face sheet are both 2.5 mm thick, while the thickness of each honeycomb 
element is varied for every different sandwich panels. The out of plane thickness of 





Figure 3.3: Unit cell formation of Orientation I 
Figure 3.4: Unit cell formation of Orientation II 
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for simplicity.  
In the analysis model considering here, the sandwich plate is connected to the 
rigid baffle of infinite length at two ends by pin joints [16]. A plane incident pressure 
wave is excited at the bottom face sheet. And an elliptical bounded air fluid domain is 
tied to the top layer of the sandwich panel. Through the honeycomb core and top face 











Figure 3.5: Baffled sandwich panel with distribute load 
Air fluid domain 
Incident pressure wave 
x 
y 





3.2 Effective Properties  
3.2.1   Effective Properties of Honeycomb Cell 
By changing the geometric parameters of the honeycomb cellular, its 
linear-elastic behavior will vary and different from the original material. Gibson and 
Ashby’s cellular material theory [27] introduced formulas for effective properties for 
honeycomb structure using Bernoulli-Euler beam theory. Mass density, Young’s 
modulus for longitudinal and transverse direction, shear modulus are the effective 
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3.2.2 Effective Properties of Sandwich Panel 
 
Figure 3.6: Sandwich panel with thickness shown 
The effective properties of sandwich plate are also concerned in this work, to 
investigate the influence of cell angles and effective honeycomb properties on whole 
sandwich plate properties. Bending stiffness of honeycomb sandwich structure can be 
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defined as  
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       (3.9) 
 The
fE is the Young’s modulus of the face sheet, which is as the same as the 
Young’s modulus of Aluminum. The ct  and ft  refers to the thickness of core part 
and face sheet. 0.3fv   is the Poison’s ratio of face sheet, while cv  is the effective 
Poison ratio of the honeycomb core obtained from equation 3.9. 
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In this equation the 
fG  is same as the shear modulus of Aluminum. After apply 
those equations. The bending and shear in-plane stiffness for each sandwich plate 
could be calculated and collected. 
3.3 Controlling Unit Cell Geometry 
For Orientation I there are 40 cells in longitudinal direction, 1 cell in transverse 
direction and 80 cells in longitudinal direction, 2 cells in transverse direction. Since 
the overall length L and depth H are constrained for all sandwich panels, then the Lx 









 (m=1 or 2). As seen in 
equation 3.9 and 3.10, the honeycomb structure parameter h and l are determined by 
the angle of the unit cells when the Lx and Ly are set in certain value. Based on the 
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  . For 
orientation I, 1 13y xL L , and for Orientation II, 2 23x yL L . In order to keep the 
value of 1Lx  and same, the relation between 1Ly  and 2Ly  can be obtained as 
1 23y yL L , so the value of 2Lx  and 2Ly  can be determined while 1Lx  and 1Ly
were known. And 2h  and 2l  can be reached by the equations below.   
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CHAPTER 4:  IMPLEMENTING OF FINITE ELEMENT MODEL IN 
MATLAB 
4.1 Generating Honeycomb Sandwich Panel Geometry Structure 
Considering implement a honeycomb sandwich plate geometric structure, there 
are several parameters which contribute to it. As h, l, , n (number of cells in 
longitudinal direction) and m(number of cells in transverse direction). 
Regular and auxetic honeycomb cells can be achieved by changing the h, l and . 
In the Figure 4.1, those two black lines represent the two face sheet, blue lines show 
the core part filled with honeycomb cells. Red dots on the figures mean the nodes 
connected to each beam element. 
  
 
Figure 4.1: Single (a) regular and (b) auxetic honeycomb 
Since sandwich panels with different numbers of cells are investigated. By 
inputting the value of m and n in the code, a honeycomb sandwich panels with 











In order to make the result more accurate, a mesh based on the length of beam 
element is introduced in the sandwich plate model. By changing the seed size, a refine 
mesh with multiple elements within two connecting nodes is applied. Then the final 
geometric model is implemented. Honeycomb sandwich plate structure in different 
orientation can be also achieved in the same way. 
 
Figure 4.3: Regular honeycomb of Orientation II 
4.2 Preprocessing 
In this section of code, the geometric and material properties were defined by 
input the value of associated parameters.  
 
Mesh 





Table 4.1: Input parameters for Geometric and Material properties 
h Straight member length of honeycomb cell 
l Angle member length of honeycomb cell 
  Internal angle of the honeycomb cell 
   Thickness of the face sheet 
   In-plane thickness of honeycomb cell 
n Number of cells in longitudinal direction 
m Number of cells in transverse direction 
seed The minimum element length 
  Mass density 
E Young’s modulus 
In this section of the structure of the sandwich plate is defined. The Nodes and 
Elements matrices are generated which contain the geometry information of the plate. 
All the nodes on the two ends of the sandwich panels were recorded for boundary 
condition. And all the elements on the top layer and bottom layer were also captured 
for further calculation.  














































The parameters of geometric and material properties as well as the nodes and 
elements were used to construct the beam elastic stiffness matrices and mass matrices. 
Since the cross-section of the beam was considering rectangular, the inertial of 




I       (4.1) 
A t b      (4.2) 
Gaussian Quadrature was applied to approximate the integral in equation 4.1, 4.2, 
and 4.3. Four gauss point were used in the work, since the order of polynomial in 
those equations is 4. Exact solution can be obtained use four points Gaussian 
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Table 4.3: Gauss points and weight 
Number of points Points Weights 
1 












































Assemble the element Stiffness matrices and element mass matrices into the 
global stiffness and mass matrices. The global load vector was also assembled by the 
element load vector. As shown in the equations below    








         (4.4) 
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        (4.6) 
The boundary condition were applied after assembling the global matrices, and 
the u , v of the every nodes on the boundary were fixed to zero. By applying 
Lagrange equation, the equation of motion for vibration of beam can be derived as 
below. 
    0M x K x        (4.7) 
The natural frequency can be obtained by Equation 4.8, n represents the nth 
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natural frequency. In MATLAB code, the eigen-value (natural frequency) and 
eigen-vector(degree of freedom at natural frequency) of the stiffness and mass 
matrices can be approximated using “eigs” command.  
       2 0n nK M         (4.8) 
 The frequency range studying in this work was 1~1000Hz. All the natural 
frequencies in this range and seven frequencies between each natural frequency are 
chosen for frequency response analysis. Substitute those frequencies into equation 4.9, 
the degree of freedom   can be calculated.  
       2K M F        (4.9) 
The information of the degree of freedom  for every nodes associated with 

























CHAPTER 5:  IMPLEMENTING OF ACOUSTIC FINITE ELEMENT 
MODEL IN ABAQUS 
5.1 Geometric and Material Properties 
In this work, two parts were used for analysis. The honeycomb sandwich panels 
which include the two face sheets and core section, the air fluid domain on the 
transmitted side of sandwich plate.  
A 2D planar deformable wire part was modeled for sandwich plate. The core 
section of each sandwich plate contains 40 cells in x-direction and 1 cell in y-direction 
or 80 cells in x-direction and 2 cells in y-direction for Orientation I. For Orientation II, 
there are 40 cells in x-direction and 3 cells in y-direction. The angle of the honeycomb 
core is varied from 45  to 45 . Meanwhile, h, l is determined by the angle and 
the size of unit cell. To assign the beam property to the plate, two rectangular beam 
profiles were defined for face sheet and core separately. As “a” dimension of the 
profile corresponding to the thickness and was varied from different models. The “b” 
dimension represents the out-of-plane length was set to 1 for simplicity. Both the face 
sheet and core were assigned the material properties of Aluminum with density 
32700 /kg m  , Young’s modulus E=71Gpa and Poisson ration v=0.3. The material 










Figure 5.1: Analysis model in ABAQUS 
 
For the air fluid part, an elliptical domain is built to simulate the effects of sound 
transmission. It is modeled as a 2D planar deformable shell. A solid, homogenous 
section was assigned to the air fluid part, with out-of-plane thickness set to 1. Material 
properties of air with density 31.2 /kg m   and Acoustic medium properties of bulk 
modulus k=141179 (adiabatic) are applied to this part. It is also used for all the cases 
for the study. A semi-circular domain is also built for selected model for the accuracy 
study. 
5.2 Mesh  
B-23 which a 2 node cubic beam elements are assigned for both face sheets and 
core. It is the same element as we used in MATLAB code. While the B-22 Quadratic 
Timoshenko beam elements are also assigned for selected models for validation. A 
sizing control is applied to ensure at least four elements per shortest edge of the 
sandwich plate.  
Sandwich Panel 
Air Acoustic Impedance 
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For the air domain, AC2D3 which a 3 node triangle acoustic elements were used. 
Since recommended by ABAQUS documentation, each wave length should consist at 
least 6-8 elements. Double bias which form the center of the fluid domain and edges 
were applied to make the result more accurate. The seed size of the elements contact 
with top face sheet of sandwich plate is 0.012. Wave length can be obtained through 






   (5.1) 
Considering f as 1000 Hz and 6 elements per wave number [1], thus for the 
elements at the edge of fluid domain, the seed size is 0.04.  
 
Figure 5.2: Mesh of air domain 
 
5.3 Constraints 
In order to make sure the air fluid domain contact to the sandwich plate, a surface 
tie constraint was applied. The top face sheet of sandwich plate is set as master 
surface while the bottom edge of air fluid domain is set as slave surface. By setup the 







Figure 5.3: Constraints between air domain and sandwich plate 
Considering the sound waves may reflect off the top surface edge of the fluid 
domain back to the air region. An acoustic impedance interaction on the top edge of 
fluid part was defined to prevent the reflection. The acoustic impedance is set as 
non-reflecting and geometry as Elliptical. The “Axis length” is given the value 2, the 
“Eccentricity” is set as 0.6614, the “center coordinates” is set as “1, 0.0866, 0” which 
is the center of the top face sheet, and the direction cosine as “1, 0, 0”. 
5.4 Boundary Condition and Load 
Since the sandwich plate is pinned to a rigid baffle on both sides, all the nodes on 
the ends of the plate were selected and their “U1” (displacement in x-direction) and 
“U2” (displacement in y-direction) were set to fixed as 0. 
To simulate the incident sound pressure wave, a unit amplitude pressure load was 
applied to the bottom face sheet. For simplicity, all the value of pressure were set to 1 















Figure 5.4: Boundary conditions and load 
5.5 Natural Frequency Extraction Procedure 
In the natural frequency extraction procedure, only the sandwich plate part is used 
for analysis. A frequency linear perturbation procedure was chose which maximum 
frequency of interest is set to 1000. Since the 1~1000 Hz is the frequency range 
discussed in the work. By executing the procedure, all the natural frequencies in the 
range can be obtained. 
5.6 Steady State Dynamic, Direct Procedure 
Both the sandwich plate part and air fluid part were used for the sound pressure 
loss study. In order to collect the history air pressure data of top face sheet, a set 
which contain all the air nodes contact to the top face of sandwich plate was defined. 
The air pressure of every node in the air fluid domain was collected as a field output.   
A steady-state dynamics, direct procedure was defined for analysis. The scale was set 
to logarithmic, and the natural frequencies obtained by last procedure were used as 
Lower frequency and upper frequency. The number of frequency between each 
Pinned Pinned 
Unit pressure load 
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natural frequency was set to 7, while the bias was given the value 2. 
 







CHAPTER 6:  NATURAL FREQUENCIES ANALYSIS FOR 
SANDWICH PANELS WITH VARYING CORE GEOMETRY 
6.1 Geometry Parameters and Effective Properties 
The honeycomb models tested consist of cores that contain either 40 cells in the 
longitudinal direction and 1 cell in transverse direction or 80 cells in longitudinal 
direction and 2 cells in transverse directions for orientation I. For orientation II there 
will be 40 cells in a row and 3 cells in a column. The models range from 45  to 
45  with increment of 5  for Orientation I 40x1 cells and 15  for others. Between 
each models, the l and h are varied in order to keep the overall size of the unit cells 
the same using the size controlling method discussed in chapter 3. The thickness of 
the cell walls is also varied to ensure that all the models have same effective mass 
property. Thus keep constant mass for every model. The geometric properties of all 
the models studied in this work are listed in Table 4.1, Table 4.2 and Table 4.3 below. 




































( Kg m )
 11 3
D
(Mpa m )  
D66
3
(Mpa m )  
     
 
35.36 68.30 1.56 0.589 7.13 21.4 270 0.6992 0.2388 
     
 
32.64 64.28 1.67 0.871 13.5 28.4 270 0.6998 0.2388 
     
 
30.52 60.81 1.78 1.25 25.0 36.8 270 0.7021 0.2388 
     
 
28.87 57.73 1.88 1.72 45.8 45.8 270 0.7628 0.2389 
     
 
27.58 54.97 1.97 2.29 84.7 55.3 270 0.6901 0.2389 
     
 
26.60 52.40 2.05 2.97 162 64.6 270 0.6930 0.2389 
     
 
25.88 50.00 2.13 3.82 345 74.4 270 0.6932 0.2390 
     
 
25.39 47.71 2.20 4.82 895 83.5 270 0.6918 0.2390 
    
 
25.10 45.49 2.26 5.98 3990 91.6 270 0.6794 0.2390 
   
 
25.00 43.30 2.32 7.43 --- 99.5 270 --- 0.2391 
   
 
25.10 41.11 2.37 9.14 4602 106 270 0.6738 0.2392 
    
 
25.39 38.89 2.41 11.2 1178 110 270 0.6888 0.2393 
    
 
25.88 36.60 2.45 13.8 526 113 270 0.6896 0.2394 
    
 
26.60 34.20 2.48 17.1 288 114 270 0.6877 0.2396 
    
 
27.58 31.64 2.49 21.1 171 112 270 0.6795 0.2397 
    
 
28.87 28.87 2.50 27.0 108 108 270 0.7849 0.2400 
    
 
30.52 25.80 2.49 35.2 68.5 101 270 0.7076 0.2404 
    
 
32.64 22.32 2.47 48.7 43.5 92.0 270 0.7023 0.2410 
    
 
35.36 18.30 2.43 74.1 26.9 80.8 270 0.7005 0.2421 
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( Kg m )
 11 3
D
(Mpa m )  
D66
3
(Mpa m )  
     
 
17.68 34.15 0.78 0.589 7.13 21.4 270 0.6992 0.2388 
     
 
14.43 28.87 0.94 1.72 45.8 45.8 270 0.7628 0.2389 
     
 
12.94 25.00 1.06 3.82 345 74.4 270 0.6932 0.2390 
   
 
12.50 21.65 1.16 7.43 --- 99.5 270 --- 0.2391 
    
 
12.94 18.30 1.22 13.8 526 113 270 0.6896 0.2394 
    
 
14.43 14.43 1.25 27.0 108 108 270 0.7849 0.2400 
    
 
17.68 9.151 1.22 74.1 26.9 80.8 270 0.7005 0.2421 
 
 

























( Kg m )
 11 3
D
(Mpa m )  
D66
3
(Mpa m )  
     
 
20.41 39.43 0.90 0.589 7.13 21.4 270 0.6992 0.2388 
     
 
16.67 33.33 1.08 1.72 45.8 45.8 270 0.7628 0.2389 
     
 
14.94 28.87 1.23 3.82 345 74.4 270 0.6932 0.2390 
   
 
14.43 25.00 1.34 7.43 --- 99.5 270 --- 0.2391 
    
 
14.94 21.13 1.41 13.8 526 113 270 0.6896 0.2394 
    
 
16.67 16.67 1.44 27.0 108 108 270 0.7849 0.2400 
    
 






Figures below illustrate the relation between the geometric parameter h, l, 
thickness t and cell angle. With the increase of the internal cell angle from negative to 
positive, the lengths of h, l also decrease. For the in-plane thickness, its value increase 
first and reach the maximum at 30  
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Figure 6.3: Cell thickness t Vs varying cell angles 
 Observation for the relation between internal cell angle and effective properties is 
also made. The effective shear modulus increase along with the increase of cell angle, 
while the gradient of the 12G  Vs angle curve also becomes larger and larger. For 1E
  
effective modulus in longitudinal direction, it increase as the increase of cell angle of 
negative angle models while decrease for the positive angle model. For the effective 
modulus 
2E
 , it increases first to a maximum value at 20 model, then decreases. The 
results of effective bending and in-plane stiffness is similar to the 12G  and 1E
 . With 
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Figure 6.5: Effective Young’s modulus of transverse direction Vs        
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6.2 Comparison of ABAQUS and MATLAB Results 
Before listing all the natural frequencies for the different geometries above, a 
comparison of ABAQUS and MATLAB results is made to verify the accuracy of 
MATLAB code. The 30 and - 30 angle honeycomb structure of Orientation I 40x1 
cells are chose for verification. As shown in the Table 4.4 and Table 4.5, there are 
only slight differences between the ABAQUS and MATLAB results. The deviation is 
only 0.21 % for the first natural frequency of 30  panel and even as low as 0.01% 
for 10
th


























Cell Angle ( ) 
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Table 6.4: Comparison of first ten natural frequencies for            





1 63.96 63.82 0.21% 
2 132.3 132.1 0.23% 
3 210.2 209.7 0.25% 
4 289.2 288.5 0.25% 
5 368.9 368.0 0.29% 
6 449.1 447.9 0.26% 
7 529.8 528.5 0.26% 
8 611.2 609.6 0.26% 
9 693.3 691.5 0.26% 
10 766.0 766.0 0.01% 
 
 
Table 6.5: Comparison of first ten natural frequencies for           





1 19.82 19.86 0.20% 
2 40.02 40.11 0.22% 
3 61.56 61.71 0.24% 
4 84.02 84.22 0.24% 
5 107.6 107.9 0.28% 
6 132.4 132.7 0.23% 
7 158.3 158.7 0.25% 
8 185.4 185.8 0.22% 
9 213.6 214.1 0.23% 
10 242.9 243.4 0.21% 
 
The ABAQUS results using quadratic Timoshenko beam elements are also used 
for comparison as shown in Table 6.6 and 6.7. The deviations of results are higher 
than the cubic Bernoulli beam ones. The highest deviation occurs at the 10
th
 natural 




Table 6.6: Comparison of first ten natural frequencies for            
Orientation I 40x1   





1 63.31 63.82 0.81% 
2 130.9 132.1 0.92% 
3 207.6 209.7 1.01% 
4 285.4 288.5 1.09% 
5 363.9 368.0 1.13% 
6 442.8 447.9 1.15% 
7 522.3 528.5 1.19% 
8 602.4 609.6 1.20% 
9 683.2 691.5 1.21% 
10 764.7 766.0 0.17% 
 
 
Table 6.7: Comparison of first ten natural frequencies for            





1 19.79 19.86 0.35% 
2 39.96 40.11 0.38% 
3 61.45 61.71 0.42% 
4 83.85 84.22 0.44% 
5 107.4 107.9 0.47% 
6 132.1 132.7 0.45% 
7 157.9 158.7 0.51% 
8 184.9 185.8 0.49% 
9 213.0 214.1 0.52% 
10 242.2 243.4 0.49% 
 
6.3 Natural Frequencies Result 
The first ten modes and their corresponding frequencies are shown below in Table 
4.6 (orientation I 40x1), Table 4.7 (orientation I 80x2) and Table 4.8 (orientation II 
40x3). The later natural frequencies tend to lose the accuracy, so only the first ten 




Table 6.8: Natural frequencies of orientation I 40x1 
Mode -45 -30 -15 0 15 30 45 
1 11.76 19.86 29.56 40.70 50.40 63.82 85.01 
2 23.82 40.11 59.50 83.30 103.0 132.1 187.0 
3 36.60 61.71 92.74 130.4 162.2 209.7 305.9 
4 50.18 84.22 127.0 178.8 222.4 288.5 430.3 
5 64.79 107.9 161.9 227.6 283.8 368.0 556.4 
6 80.54 132.7 198.1 276.5 346.0 447.9 682.0 
7 97.52 158.7 234.9 325.8 408.9 528.5 762.9 
8 115.8 185.8 271.8 375.6 472.4 609.6 806.8 
9 135.4 214.1 309.8 425.5 536.5 691.5 930.7 
10 156.3 243.4 348.4 475.9 601.0 766.0 1053. 
 
The lowest first modal frequency for the honeycomb core sandwich panels occurs 
on 12.31 Hz, which is for the 45  model. The first natural frequency increases as 
the increase of internal cell angles of each model. The highest first natural frequency 
occurs at 85.01 Hz, which is for the 45  model. It can be observed that when the 
internal angle of honeycomb sandwich plate becomes less negative, the first natural 
frequency will increase. And the spacing between frequencies in the 1-1000 Hz range 
will also become larger when the internal angle increases for both regular and auxetic 
model. Additionally, there will be more numbers of natural frequencies in certain 














Table 6.9: Natural Frequencies of Orientation I 80x2 
Mode -45 -30 -15 0 15 30 45 
1 10.20 17.60 27.71 34.56 46.24 60.22 81.42 
2 20.60 35.37 55.78 71.17 93.34 123.2 174.4 
3 31.19 53.99 86.56 111.3 145.6 194.5 280.7 
4 42.28 73.12 117.4 152.5 198.1 266.1 390.4 
5 53.35 93.04 150.1 194.8 251.6 338.0 499.9 
6 65.16 113.8 182.1 237.6 305.8 409.7 609.8 
7 76.98 135.6 216.8 280.8 361.1 481.5 717.5 
8 89.61 158.5 249.8 323.5 417.3 553.4 826.1 
9 102.2 182.6 286.2 366.6 474.6 625.7 833.0 
10 115.7 207.8 320.1 411.8 532.8 698.4 932.0 
 
 
Table 6.10: Natural Frequencies of Orientation II 40x3 
Mode -45 -30 -15 0 15 30 45 
1 11.58 18.80 27.00 38.62 45.93 59.17 81.24 
2 23.36 37.66 53.90 77.11 91.98 120.2 174.4 
3 35.69 57.28 82.31 119.0 142.8 189.2 281.7 
4 48.62 77.17 110.6 160.5 193.3 258.1 392.6 
5 62.34 97.57 139.3 202.2 243.7 326.9 503.7 
6 77.00 118.5 168.4 243.9 293.9 395.0 613.3 
7 92.73 140.3 197.9 285.8 344.1 462.6 721.0 
8 109.6 162.9 228.0 327.9 394.4 529.6 781.7 
9 127.7 186.4 258.8 370.4 444.7 596.2 826.3 
10 147.2 210.9 290.3 413.2 495.1 662.4 929.3 
 
Compare to the Orientation I 40x1 cells models, the Orientation I 80x2 cells and 
Orientation II 40x3 cells models show the same trends. Besides that, the results of 
those models are very close to the Orientation I 40x1 cells models. The first natural 
frequency of 30  Orientation I 80x2 and Orientation II 40x3 honeycomb sandwich 
panels occur at 60.22 Hz and 59.17 Hz which are near to the 30 40x1 one. 
Theoretically, they may have the same natural frequencies, because their effective 
properties are same. However, because the different length of parts that connect the 
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face sheet and honeycomb core, there may be a little disparity for the three models. 
Figure shows the trends of first natural frequency for models of orientation I 




Figure 6.7: First natural frequency Vs varying cell angles 
 
6.4 Relations of Effective Properties and Natural Frequencies 
 In order to analysis the influence of effective property on the natural frequency 
for honeycomb sandwich plate, the first natural frequency and corresponding effective 
properties of honeycomb sandwich plate with different internal angle are plotted in 
Figure 6.8, 6.9, 6.10. All the models chose here contain 40x1 cells in orientation I, 


































Figure 6.9: First natural frequency Vs Effective Young’s Modulus            


























































Figure 6.10: First natural frequency Vs Effective Young’s Modulus           
of transverse direction 
 
As shown in the Figures above, the first natural frequency changes with the 
variation of effective properties. For effective shear modulus, honeycomb sandwich 
plate with larger shear modulus has a higher first natural frequency. And the shear 
modulus change more rapidly for the positive angle honeycomb cores. For the 
effective material in longitudinal direction, the behavior of the positive and negative 
angle models mirrors each other. Panels with positive angles have a higher natural 
frequency for smaller
1E
 . On the contrary, with the increase of the 
1E
  the first 
natural frequencies become higher for negative angle models. The 
2E
  for negative 
angle is increased with the increase of the frequencies, while for positive angle it 
increase first to certain value then decrease as the increase of the first natural 
frequency. Generally, 
1E
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 Mode 10 
774.2 Hz 
 
Figure 6.11: First ten mode shape of    panel of                     




For the first two frequencies, the honeycomb core deformed in pattern, each unit 
of the honeycomb structure can be identified. The two face sheet and honeycomb core 
bend together. With the increase of the value of the natural frequency, the deformation 
of the core section becomes more intense and the shape of each unit can be hardly 
distinguished. The numbers of wave peaks match the number the mode shape, which 
means the nth mode shape contains n wave peaks. Noticed that, the mode 10 is a 
dilatational mode which means the two face sheet bend in opposite direction. It is 
occurred at a higher frequency. 
Table 6.11: First natural frequencies of dilatational mode shape            
with vary cells 
Cell angle units Frequency (Hz) 
     
 
40x1 441 
     
 
40x1 605 
     
 
40x1 720 
    
 
40x1 786 
    
 
40x1 766 
    
 
40x1 767 
     
 
80x2 497 
    
 
80x2 766 
     
 
40x3 560 






Figure 6.12 shows the selected dilatational mode shapes for the o-30  Orientation 
I 40x1 cells model. The each two face sheets of the sandwich panels bend in opposite 
direction. However there are some differences among those mode shapes. For mode 
21 at Hz the honeycomb core deforms to one end of the panel. For the mode 24 at 
725.8 Hz, the upside of the core deforms to the left while the bottom side deforms to 
right. When the frequency increases to 775.8 Hz, the deformation of the panel is 
symmetric in longitudinal direction, the left part of panel deforms to the left and the 
right part to the right. The effects of the dilatational vibration on the structural and 


















Figure 6.12: Selected dilatational mode shapes of                 
-  
 
Orientation I 40x1 cells 
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CHAPTER 7:  STRUCTURAL-ACOUSTIC PERFORMANCE OF 
SANDWICH PANELS 
7.1 Structural Response 
Root Mean Square Velocity along the transverse direction is chosen as the 
measurement of the response of the top face sheet [15]. It is related to the energy of 





trms tV V V dx
L
                    (7.1)   
Which 
t tV i W   and t tV i W   in equation 7.1 are complex conjugates 
Substitute 




rms tV W dx
L
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Which 
tW  is the transverse displacement of the top face sheet. The integral over 
the length of the top face can be evaluated as the sum of integrals over every element 
on it. A damping ratio 0.01  is introduced by setting a complex modulus 
(1 )E i E  [25].Then
 
imposing the shape function defined in chapter 2 and the 
element nodal degrees of freedom solved in the chapter 4. The equation (7.4) can be 
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The intensity 
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   is a reference velocity [15] . 




Figure 7.1:      of orientation I 40x1 structure with   
 
angle 
As shown in Figure 7.1, the each peak in the curve are corresponding the odd 
number of natural frequencies. At these frequencies, the structure vibrates more 
intense than other frequencies. Within each interval, the 
rmsI decreases to certain 
level then increase again to the next peak. Generally, the vibration of the plate 
























Figure 7.2:      for orientation I 40x1 structure with positive angle 
The Figure 7.2 shows the results for honeycomb sandwich structure for 
Orientation I with positive internal angles. 15 , 30 , 45  were chose to represent 
different angles. General trends for all the three models are same. While the first peak 
occurs at a lower frequency level with smaller positive internal angle. The spacing 























Figure 7.3:      for Orientation I 40x1 structure with negative angle 
Similar trends can be also observed for honeycomb sandwich plate with negative 
internal angles. The 45  exhibits the lowest frequency for first peak, and smallest 
spacing between each peaks.  
 
 





































Comparison of sandwich plate with negative and positive internal angles is shown 
in Figure 7.4. 30  and 30  are chose to represent positive and negative angle. 
Except for the first peaks, the positive angle plate tends to have more vibration at each 
peak than negative ones. And the spacing between each peaks of positive plate is also 
larger than negative plate. The results prove that if the honeycomb sandwich panels 
with different internal angles have the same mass properties, they will exhibit similar 





Figure 7.5:     for different orientation with   
 
angle 
Comparison of sandwich plate with same internal angle but different Orientation 
is also made which results are shown in Figure 7.5. All the three models exhibit the 
same trends. The first peak of the three models occurs at nearly the same frequencies, 
while the spacing between each peak is varied for these models. The Orientation I 
40x1 cells model has the greatest spacing, and the Orientation II 40x3 has the smallest 

















7.2 Sound Transmission Loss 
There are many expressions for the sound transmission loss of sandwich plate. 
Equation 7.5 [21] is used to calculate the sound transmission loss. Pt is the square root 
summation of air pressure for all the nodes on the top face sheet. While Pi is the 
square root of the incident pressure times the Nt total numbers of nodes on the top 













     (7.5) 
2 2 2
1 2t nP P P P     
 (7.6) 
*i tP N f              (7.7) 
7.2.1 Model Accuracy 
A mesh convergence and air domain shape study are made to investigate if the 
ellipse air domain is accurate enough to describe the sound transmission loss. Figure 
7.7 shows the sound transmission results of a fine mesh (seed size 0.04 at the edge of 
air domain) and a coarse mesh (seed size 0.08 the edge of air fluid domain). As 
illustrated in the Figure 7.6, the STL curve of fine mesh is smoother than the coarse 
mesh one at higher frequencies, while there is not much difference at the low 
frequency range. For the comparison of semi-circle and elliptical domain with same 
longitudinal length, the curve of semi-circle appears more continuous at very low 
frequency. However, there is not much deviation between the semi-circle and 









Figure 7.7: STL results of Semi-circle and Ellipse domain with            
same longitudinal length  
7.2.2 Sound Transmission Results with Various Configurations 









































each dips in the curve, which means there will be less transmission lose at these 




Figure 7.8: STL for Orientation I 40x1 structure with     angle 
The o15 model has a lowest frequency for first dip and smallest spacing between 
each dip. Notice that, around 790 Hz, there is an unusual dip occurs for o15 model. 
The sound transmission loss at this frequency soundly decreases to a very low level. It 
may because at that frequency, the two face sheet of sandwich plate vibrates at same 

































Figure 7.10: STL for Orientation I 40x1 structure with negative angle 
Figure 7.12 shows a comparison of o30  and o-30  honeycomb sandwich plate 
with Orientation I 40x1 cells. The first dip occurs only for o-30  model 











































dips than the 30  model, overall, the STL for 30  model is more than 30  model, 




Figure 7.11: STL for Orientation I 40x1 structure with different angle 
A comparison for models with different orientation is also been made for 30  
models. They have almost the same effective properties. Thus, two models have 
similar sound transmission curves. However the curve for Orientation II 40x3 model 
shifts a little to the left, which also matches the slight difference of natural frequencies 
for those two models. A similar observation is made by compare the 30  models, it 
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Figure 7.14:      results with reverse axis 
The trends of rmsI  can reflect the trend of sound transmission loss. The Figure 
show the rmsI  curve of 30  orientation I 40x1 model with reverse axis of rmsI .  
The peaks of rmsI  curves turn into dips, which is similar to the sound transmission 
curves. And with the increase of the frequency the overall vibration of the sandwich 
panels decrease as well as the value of the peaks. While the sound transmission loss of 
the sandwich panels also increases as the increase of value of the dips.    
A comparison of the 30 Orientation I 40x1 sandwich panels with different 
thickness was made to demonstrate the influence of effective properties on vibration 
behavior. As illustrate in the Figure 7.5. Since the panel with 1.5mm in-plane 
thickness of honeycomb core is less stiff than the 2.5mm ones. The first peak of rmsI  
curve occurs at a lower frequency for the sandwich panel with 1.5 mm thickness. And 
it tends to have more peaks within the range. Additionally, the rmsI  





















Figure 7.15:      for orientation I 40x1 cells with   
 
angle                
with different in-plane thicknesses 
A comparison of the sound transmission loss of o30  angle honeycomb structure 
with same geometry parameters except thickness was made. The thickness chose in 
this work is 2.5 mm and 3.5 mm. The overall sound transmission of 3.5 mm model is 
more than 2.5 mm one. There are less dips in the frequency range for the 3.5 mm 
models, since it’s stiffer than 2.5 mm model. As discussed in chapter 1, the heavier the 
























Figure 7.16: STL of the    Orientation I 40x1 cell with                 
different in-plane thicknesses 
As discussed before the model with increased internal angles have a higher first 
natural frequency and more spacing between the peaks on the rmsI  curve and dips on 
the sound transmission curve. As illustrated in Table 7.1, the o30  model has the 
lowest the first natural frequency 12.31 Hz and smallest spacing 12.11 Hz, while the 
o45  has the highest first frequency 85.01 Hz.  
Due to the differences of truncation parts, there are slight deviation between the 
Orientation I 40x1 cell model and Orientation I 80x2 cell, Orientation II 40x3 models. 
For orientation I the truncation parts of 40x1 cell model is thicker than the 80x2 cell 
model, which means it is stiffer and has a higher first frequency and larger spacing. 
For orientation II the truncation parts is thinner than the orientation I 40x1 cell model, 
thus it has lower first natural frequency and smaller spacing which is similar to the 
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Table 7.1: First natural frequency and spacing between peaks on       





 frequency   
Spacing between  
first two peaks  
     
 
40x1 12.31 12.11 
     
 
40x1 19.86 20.25 
     
 
40x1 29.56 29.94 
    
 
40x1 50.40 50.40 
    
 
40x1 63.82 68.28 
    
 
40x1 85.01 102.0 
     
 
80x2 17.60 17.77 
    
 
80x2 60.22 62.98 
     
 
80x2 18.80 18.86 
    
 
80x2 59.17 61.03 
 
The sound transmission loss values of different models are calculated using a 
metric as areas under the sound transmission curve. As shown in the Table 7.2, the 
o-45  model has the smallest sound transmission loss in the stiffness control region 
while the o45  model has the largest one. For the total transmission loss, the 
sandwich panels with auxetic honeycomb core structure tend to have more sound 
transmission loss than the regular ones for both orientation I and II. Because the 
truncation part of auxetic honeycomb core sandwich panel has more weight than the 
regular ones which lead to a heavier weight, therefore more transmission can be 
achieved. However there is not much difference between the orientation I 40x1 cell 
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models and 80x2 cell models, since they have the similar weight. Total transmission 
of orientation II are also similar to the orientation I, since the weight of their 
truncation parts are almost the same.   









     
 
40x1 404 44079 44483 
     
 
40x1 630 43622 44252 
     
 
40x1 1009 42578 43587 
    
 
40x1 1865 39066 40931 
    
 
40x1 2659 35765 40304 
    
 
40x1 5323 36322 41645 
     
 
80x2 551 44137 44688 
    
 
80x2 2380 37300 39680 
     
 
80x2 612 43162 43774 
    
 
80x2 2243 37120 39363 
 
 
7.4 Acoustic Pressure Distributions 
To visualize the sound radiation effects in the air fluid domain. Sound pressure 
level is introduced to describe the effective sound pressure. The sound pressure level 







   
 
   (7.8) 
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In this equation, 
refP  is the standard reference pressure and given the value 
20    for air. The corresponding decibel value of incident pressure on the bottom 
face sheet with 1 Pa is 94 dB. Figure below shows the comparisons of SPL 
distribution between honeycomb sandwich panels with different angle. The sound 
pressure values of all the nodes in the air fluid domain were collected and imported to 





























































Figure 7.18: Sound pressure level of -  
 






Frequencies at the dips of the sound transmission loss curve are used for analysis. 
One observation of the sound pressure level is at the low frequency range, the overall 
pressure level is greater than high frequency range. The pressure levels of 30  model 
at 207 Hz are greater than 70 dB at most area of air domain as well as the 30  model. 
With the increase of the frequencies, the sound pressure level also decrease 
corresponding to the STL cure. The high SPL region only appears close to the top 
face sheet of the sandwich plate. Another observation is for the two approximate 
frequencies between 30  and - 30  models, the - 30  model has smaller SPL, which 
verifies the rmsI  and STL results for these two models.  
In addition, there are also some radiate lines spread in the air fluid domain, which 
have a lower pressure level than other regions. The number and shape of those lines 
may determined by their mode shapes. Within those lines, the honeycomb will vibrate 
more, thus more acoustic energy will lose and lead to a low sound pressure level. For 
the 30  model at 528 Hz (7
th
 mode), the air domain is divided into 7 parts by 6 lines 














Figure 7.19: Radiated sound pressure level of    panel with Orientation I 
40x1 at selected frequency with dilatational mode shapes 
The sound pressure level of the o-30  model on the natural frequencies with 
dilatational mode shapes at dip of the sound transmission curve is plotted in Figure 
7.19. One observation is the mode shape has a influence on the distribution of sound 
pressure. For 770 Hz, the panel vibrates less in the center and become more intense 
towards the end, thus the sound pressure level in the center is high and lower at the 




center and two ends of the sandwich panel and low at the 1/4 and 3/4 parts in 




CHAPTER 8:  CONCLUSION AND FUTURE WORK 
8.1 Conclusive Remarks 
In this study, the effects of the geometric properties on the vibration and acoustic 
behaviors of in-plane honeycomb sandwich panels were investigated. Bernoulli-Euler 
beam elements were used to implement the finite element model. Structural response 
is simulated in the models in MATLAB. Another finite element model was developed 
in ABAQUS to simulate the sound insulation on sandwich panels. The intensity of 
root mean square velocity of top face sheet and sound transmission lose were used to 
evaluate the vibration and acoustic performance. 
Natural frequency results indicate that under the constant mass constraint the first 
natural frequency of sandwich panels increases with the increase of internal angle of 
honeycomb core. In addition, the sandwich panels of different honeycomb core 
orientation and number of cells with same internal angle have the similar natural 
frequencies, while the truncation part also have an influence on the results. Modes 
under low frequencies are flexural and dilatational mode occurs at higher frequency 
more than 700 Hz for positive angle and 500 Hz for negative angle honeycomb 
sandwich panels. 
The structural response and acoustic performance results show that the models 
with constant mass share the same trends of rmsI  (Intensity of root mean square 
velocity) and STL. The odd numbers of natural frequencies are corresponding to the 
first several peaks on the rmsI  curve and dips on STL curve before the dilatational 
vibration occurs. The stiffer the panels are, the more peaks or dips will appear within 
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the frequency range. Through rmsI  results, the sound transmission loss of the 
sandwich panel can be predicted. The sound transmission increases with the 
decreasing of the vibration at low frequency range. And the effective mass properties 
determined the level of vibration and sound transmission loss, while the effective 
shear and elastic modulus influences the number of natural frequencies within 
frequency range. Under same effective mass properties, the difference between 
models with different number of cells and orientations is small. However the length 
and thickness of truncation part also have a small effect on the vibration and acoustic 
performance.  
The mode shapes of the sandwich panel have an effect on the sound distribution 
in the air domain. The sound pressure level is related to the vibration of corresponding 
part of the sandwich panel.  
8.2 Future Work 
For the MATLAB models studied in this work, only Bernoulli-Euler beam 
elements are sued. Other beam elements as Timoshenko beam elements and spectral 
beam elements [25]can be coded and substituted for the Bernoulli-Euler beam 
elements. Furthermore, the MATLAB finite element program can be developed to 
have the capability to simulate the acoustic behavior of the sandwich panel. Thus the 
optimization of maximizing sound transmission loss of the sandwich panel can be 
achieved.  
The regular and auxetic honeycomb cell geometries with two different orthogonal 
orientations were studied in this work. The MATLAB and ABAQUS models could 
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also applied on alternative auxetic topologies as chiral honeycomb, star honeycomb 
and double arrowhead, etc. However, proper equations of effective properties for 
those structures should be defined.  











Figure 8.1: Auxetic honeycomb topologies: (a) chiral[31]; (b) 
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